137 Cs in the coastal waters of the Baltic Sea was carried out near the settlement of Juodkrantė in the summer -autumn of 2004. Three measurement stages of the VA of this radionuclide were carried out and hydrometeorological situations were considered simultaneously.
Introduction
It is known that artificial radionuclides have penetrated into the Baltic Sea from the global fallout and radioactive waste discharge [1] . In 1986 large amounts of artificial radionuclides penetrated after the Chernobyl Power Plant (ChPP) accident too [1] .
The fallout of radionuclides on the surface of the Baltic Sea was heterogeneous, therefore, the leveling process of their volumetric activity (VА), including 137 Cs, occured during a long period of time. Up to now the waters of the Baltic Sea are contaminated by this radionuclide. However, high values of 137 Cs VA in the surface waters were marked from 1988 to 1995 [2] . Possible reason of such a situation was an influence of the waters of the Gulf of Bothnia where a higher VА of 137 Cs was observed [3] . Later the VА of a radionuclide 137 Cs considerably decreased, however, during the self-purification process there were some exceptions as, for example, in 1999 and 2002, when the VA values increased [4] .
Comparison of average annual values of the measurement and calculation data of the radionuclide 137 Cs VА were not in good agreement, and calculated values appeared below measurement results.
It is necessary to note that at rather a small number of measurements and their results averaging the course of 137 Cs VА in the southeastern part of the Baltic Sea and its coastal waters near Juodkrantė in 1996-2001 appeared approximately the same [3] .
However, the results of accidental measurements in various parts of the Baltic Sea can be different. On the one hand it can be connected with a change of hydrometeorological situations, on the other hand -with an additional radioactive waste discharge [5] . Random measurement results of radionuclide 137 Cs VА have an accidental character; for example, it took place in 1998, 1999, 2002 [6] . To define the regularity of the course of 137 Cs VА in coastal waters of the Baltic Sea long-term measurements are necessary. To realize this monitoring in practice the observation station of Juodkrantė was chosen. Three stages of measurement were carried out in the summer -autumn period of 2004. This monitoring contributed to a detailed analysis of the VА course of 137 Cs near the seashore. On the basis of mathematical modeling possible cause of the obtained regularity was set up. The above stated aspects define the aim of the present work.
Measurement technique
The present study used the procedure of ferrocyanide-carbonate precipitation. A radionuclide 137 Cs was precipitated from seawater samples of 40-50 l in volume [5] [6] [7] . Water sampling was carried out at a depth of 0,5 m in coastal waters.
The yield of Cs was determined gravimetrically in the form of Cs 3 Sb 2 I 9. The yield value varied within 60-80 %. The activity of 137 Cs samples was registered by a gamma spectrometer with a semiconductor detector. The determination error for 137 Cs VA amounted to 10 %.
Results and analysis
It is known that the hydrosphere has been contaminated with artificial radionuclides from the global fallout since 1954, when for the first time a radionuclide 90 Sr was found in the Atlantic Ocean. Increase of the global fallout proceeded up to 1963, when a treaty concerning nuclear and thermonuclear weapon test stop in the atmosphere, hydrosphere and cosmos was signed. This moment was the beginning of decrease in radioactive contamination of the environment. This process was observed up to 1986, i e up to the ChPP accident.
After this accident the radioactivity of the environment considerably increased, including a radionuclide 137 Cs in the surface waters of the Baltic Sea. The real selfpurification process of these waters began in 1989, when an approximately identical VА of this radionuclide was observed in the whole area of the Baltic Sea [8] .
According to the data obtained by a theoretical model, an average value of the VА of a radionuclide 137 Cs has to be 40-50 Bq/m 3 at the present time [9] . This value is in good agreement with the obtained results in the southeastern part of the Baltic Sea and lower than those in its coastal waters [6] .
However, the results of accidental measurements in some cases differ considerably from average values ( Table 1) . According to the data of 137 Cs VA was also observed on 22-26 Oct. Raised values, as a rule, were registered during the wind direction change. In particular, in the first case (12) (13) Jul) the southern wind was replaced by the western wind on 24-28 Aug, the eastern wind was replaced by the southern wind, and on 20-24 Oct the northern wind was replaced by the western wind (Table 1 ).
Within July -September an identical temperature at the seashore and rather a small velocity of the wind was observed. However, the extreme values of 137 Cs VА were 48 and 94 Bq/m 3 for this period, i e their ratio was equal to 1:2. Such leaps of 137 Cs VА cannot arise only owing to hydrometeorological situations [5] . The most probable cause of the above mentioned leaps is an additional radionuclide 137 Cs discharge to the Baltic Sea. As these leaps are a frequent phenomenon in the coastal zone [5] , a theoretical investigation is necessary.
Only a great number of measurement results can find out the regularity of leap formation cyclicity of 137 Cs VА in the coastal waters of the Baltic Sea. Unfortunately, parallel observations in the open part of the sea were impossible during summer -autumn monitoring because of lack of technical means.
Theoretic model of passive admixture transfer in the Baltic Sea
For a theoretic substantiation of leap formation of 137 Cs VA in the coastal waters of the Baltic Sea, a mathematical model was tested and proposed. The basic aspects of the model are presented below.
Distribution of the concentration of a passive admixture in the surface waters of the sea area at the presence of a dot source, that is located at a certain point of this area with co-ordinates (x s , y s ), is described by the equation of diffusion:
where
-vector of velocity of water mass motion, K -coefficient of turbulent diffusion.
To solve equation (1) the following boundary and initial conditions are accepted. On coastal line С Г of area -a condition of nonflowing of admixture is used:
where n -direction of a normal to coast. On the remaining part of the contour of water area w Г , because of its remoteness from a source and a short term of admixture distribution, the condition of a constant concentration is accepted:
where C f -"background" concentration. It is also supposed that initial distribution of the concentration of a passive admixture and the background concentration are the same:
C (x, y, 0) = C f . At all the points of the area except the spot of the source location C (x s , y s , 0) = C S , where C S -concentration of a passive admixture of a "source".
For a numerical solution of the problem, various schemes of solution of two-dimensional diffusion were checked. However, because of rather a slowed down levelling process of the concentration of an admixture in the seawater, an obvious scheme with a unilateral approximation [10] was chosen: 
Such a scheme has a high stability, its realization is simply programmed and also proceeds with a high velocity. For calculating the field of velocity v = v (x, y), a stationary model [11] was used:
-vector of tangential wind tensity, H -depth of the sea. The velocity of surface water motion is calculated by the formulas:
Numerical realization of diffusion (1) and advection (2) problems was carried out on the same net area (x i , y j ) with a step of h = 4 km. Therefore, after calculating the field of velocities, the problem of admixture spreading with a conclusion to the screen of isolines of the concentration of a passive admixture was solved.
A theoretical model was applied for calculating the structure of the VА field of a radionuclide 137 Cs in a southeastern and coastal area of the Baltic Sea. As the authors knew only hydrometeorological situations, and there was no information on the location and power of an imaginary radioactive source, selection of the latter characteristics was necessary. These characteristics were chosen in such a way that the calculation results would coincide with the measurement data in the range of an experimental error. It is natural that an unequivocal solution of such a problem is practically impossible because of a large number of initial and boundary conditions. Hence, the location and power of a "source" were set until the coincidence of calculation and measurement data was optimum.
The background of 137 Cs VA value reached 50 Bq/m 3 [9] . The calculation results were compared with the measurement data at the coast of the Baltic Sea according to Table 1 . The main attention was paid to that situation only when the measurement results of 137 Cs VA had the greatest values.
It is found out [12] that a moving "spot" of a passive admixture had a maximum velocity towards the shore in the western and southwestern directions of the wind, when an increase of 137 Cs VA was observed. During the measurements of 137 Cs VA in 2004 the above stated situations were observed three times, however, the wind velocities were lower than in paper [12] .
The calculation results of a real 137 Cs VA in the coastal waters of the Baltic Sea were possible, when the initial location of a conditional radioactive "source" had the co-ordinates x = 51, y = 71 (Fig 1) at a distance of about 33 km from the settlement of Juodkrantė with 137 Cs VА of 5000 Bq/m 3 . This position extended to a real situation which occurred on 10-17 Jul (Fig 2, 3) . Here the calculation and measurement results were in satisfactory agreement in the western and southwestern directions of the wind with an average velocity of 5 m/s. However, this agreement appeared to be unsatisfactory on 18 Jul because of a change of the wind direction (Table 1) . This fact was not considered with a theoretical model in this case. It is necessary to point out that Figs 2 and 3 (a-h) also illustrate dispersion of a conditional radioactive "spot". It appeared that in an initial place of formation of this "spot" of 137 Cs VA after 8 days it decreased from 5000 to 60 Bq/m 3 . Comparison of the measurement and calculation results of 137 Cs VA are presented in Fig 4 . Here the majority of compared results does not fall outside the limits of experimental errors. Measurement (Table 1 ) and calculation (Fig 5) results illustrate an increase of 137 Cs VA in other stations of the Lithuanian seashore. Here the least values fall to the city of Palanga (Fig 5а) , as this point is at the largest distance from a "source" of pollution. Taking into consideration similar hydrometeorological conditions, the location of a radioactive "source" and the initial VА of 10000 Bq/m 3 , the calculation results are in bad agreement with the measurement data near the coast of Juodkrantė. In fact the measurement value was 94 Bq/m 3 and the calculation result was 136 Bq/m 3 on 17 Jul. It means that the present analysis gives possibility to assess the VA of an accidental "source".
Satisfactory agreement of the theoretical and experimental data occured from 24 Aug to 5 Sept, when the extreme results were 49 and 91 Bq/m 3 , i e they were almost the same as on 10-18 Jul (Table 1) , and had the same VА of a "source" (5000 Bq/m 3 ). Leap of 137 Cs VA was lower in Oct than in the summertime (Table 1) . During the measurements on 16-30 Oct change of the wind direction was observed twice that led to change of 137 Cs VA near the seacoast. In these cases the mathematical model considered changes of hydrometeorological situations. Change of the wind direction was observed on 19-20 Oct and on 28 Oct.
The location of a "source" was set at a point of the sea with co-ordinates x = 59 and y = 71 for the initial VА of 15000 Bq/m 3 . Comparison of measurement and calculation data is presented in Table 2 .
Here change in the direction and velocity of the wind (Table 1) influenced the value of 137 Cs VA and reduced it up to the "background" value on 28 Oct. Fig 3 (a, b, c, d, e, f, g, h) . Structure of 137 Cs VA (Bq/m 3 ) field in Lithuanian marine area. Numbers next to letters P, K, J, N mean 137 Cs VA (Bq/m 3 ) at mentioned points (Fig 1) 
Discussion
The measurements of 137 Cs VA in the coastal waters of the Baltic Sea near the settlement of Juodkrantė often showed regularity of the course of its values in 2004. Regular leaps of 137 Cs VA and its decrease up to the background values were found out.
Unfortunately, the calculation model cannot consider in detail the changes of hydrometeorological parameters and resulting change of water mass transfer. It is obvious that if information of a "source" location and its power are unknown, theoretical results are considered to be only approximate.
However, a theoretical model confirms probability of the existence of such a "source". It is obvious that a high 137 Cs VA (91-94 Bq/m 3 ) near the seashore would be impossible without this "source".
Unfortunately, continuous control over the VA of 137 Cs in the whole Lithuanian sea area for a long time is impossible because of lack of technical means. Therefore, the situation can be controlled theoretically, confirming the results of calculations only by regular experimental data in the coastal zone.
It has appeared that the most probable place of formation of a radioactive "source" with an increased value of 137 Cs VA is in the southern part of the Lithuanian marine area, and the imaginary "source" is located at a distance of 25-35 km from an observation station at the settlement of Juodkrantė.
It is fixed that a rapid change of the VA of a radionuclide 137 Cs in surface waters is influenced by change of the wind direction as well as the direction of the sea current. It means that the radionuclide VA is heterogeneous in surface waters, and a change of the sea current direction leads to radionuclide VA change.
The slowing down process of the self-purification of the Baltic Sea waters is probably connected with formation of local radioactive "sources". Their origin can depend on different reasons analysis of which is presented in this work.
It is necessary to note that in the above schemes of the southeastern part of the Baltic Sea real geographical co-ordinates are not presented, and the location of an imaginary "source" is defined by conditional co-ordinates because of a low accuracy of its detection. It is obvious that increase in the number of observations at several points of the coastal zone would allow to find the location of a "source" with a greater accuracy and calculate its power. 4. Adjustment of theoretical results according to experimental data using statistical material proves the existence and approximate location of a possible radioactive "source" in the Lithuanian marine area.
The mathematical model turned out to be the most efficient means of obtaining reliable information on 137 Cs VA at any point of the marine area under stationary hydrometeorological situations.
